Abstract: Agonimia flabelliformis sp. nov. (Verrucariaceae, Ascomycota) is described as a new species from the Czech Republic, Germany and Great Britain. Except for the distinctive, flabelliform to minutely coralloid thallus the species mostly resembles A. allobata. It differs from other related species of Agonimia in the absence of cortical papillae and in ascospore size. The distinctness of the new species and its placement within the genus Agonimia is supported by analyses of mitochondrial small subunit ribosomal DNA sequences from several samples of the taxon, and from many other representatives of Verrucariales including newly sequenced A. repleta and A. vouauxii. Additionally, ITS rDNA sequence data supports the distinction of A. flabelliformis from A. allobata. However, A. allobata was found to be highly variable and relationships, as well as the monophyly of taxa within Agonimia, are still unresolved and need further investigation.
Introduction
The genus Agonimia Zahlbr. is one of the few genera in the Verrucariaceae characterized by dark pigmented perithecia with multilayered walls, lack of an involucrellum, and colourless muriform ascospores; some species of the genus share a ± squamulose thallus and minute cortical papillae, rarely present in representatives of other genera, such as Psoroglaena Müll. Arg. (Orange 2009 ). Other perithecial features, diagnostic for all Verrucariaceae, include hamathecium composed only of well-developed periphyses, and thinwalled asci (e.g. Gueidan et al. 2007; Smith et al. 2009 ). Most members of the genus grow in shaded, moist places as epiphytes or epibryophytes on the base of trees, on roots, rocks and various types of soil, and some of them are found on plant debris.
The genus Agonimia comprises 13 taxa; eleven species, and two forms [Index Fungorum, 2010 , except for A. papillata (see Kashiwadani 2008; Muggia et al. 2009)] . The currently accepted generitype, A. tristicula (Nyl.) Zahlbr., was transferred from Verrucaria at the beginning of the 20th century (Zahlbruckner 1909) . At the same time he described another member of the genus, Agonimia latzeli Zahlbr., later reduced by Servít (1936) to the forma level as A. tristicula f. latzeli (Zahlbr.) Servít. The last author also described another form of A. tristicula, A. t. f. pseudopallens Servít. After these works by Servít, there were no new discoveries or taxonomic innovations within the genus until Coppins & James (1978) described A. octospora from Ireland. The genus began to receive more attention from the 1990s when several species from other genera in the Verrucariaceae (e.g. Amphoroblastia, Flakea, Verrucaria and Polyblastia) were transferred to Agonimia (Coppins et al. 1992; Aptroot et al. 1997; Sérusiaux et. al. 1999) . Also, Agonimiella pacifica Harada, reported from Japan (Harada 1993) , was newly combined by Diederich into Agonimia (Aptroot et al. 1997) . Based on the morphological similarity of the squamulose thallus, Vězda (1997) even transferred Phaeophyscia opuntiella (Buschardt & Poelt) Hafellner, formerly in the Physciaceae, into the genus Agonimia, although its ascocarps are unknown. The most recent addition to the genus is another East Asian species, Agonimia koreana Kashiw. & K. H. Moon (Kashiwadani 2008) .
Recent molecular studies of the Verrucariaceae, including several species of Agonimia, showed, however, that the genus is not monophyletic and some phenetic features, so far attributed to Agonimia, may be present also in other genera (Muggia et al. 2009 (Muggia et al. , 2010 . Agonimia papillata (O. E. Erikss.) Diederich & Aptroot forms its own well supported clade, not related to Agonimia s. str. and should be treated rather as a separate monotypic genus Flakea (Muggia et al. 2009 ), as by Eriksson (1992) . Other work of Muggia et al. (2010) , on phylogenetic placement of some members of Verrucariales, suggests that Flakea may be related to Agonimia repleta Czarnota & Coppins, which surprisingly is separated from other Agonimia spp. analyzed. Agonimia repleta was described as an Agonimia, based on the papillate subsquamulose thallus, multi-layered melanized perithecial wall and muriform ascospores also found in the type of the genus (Czarnota & Coppins 2000) , but in the light of the molecular studies mentioned above it might represent a separate genus. These studies suggest that we still need more molecular data to determine the correct placement of the species within Verrucariaceae.
The new species presented here seems to belong to the genus Agonimia based on perithecial anatomy and ecology, despite the flabellate to coralloid thallus and non-papillate cortex, not previously known from the genus. To support our taxonomic hypothesis mtSSU rDNA and ITS rDNA analyses were performed, including new sequences obtained from A. allobata, A. flabelliformis, A. repleta, A. vouauxii and Verrucaria viridigrana , and sequences of other Verrucariaceae that are available in GenBank.
The aims of the present work were: 1) description of the new species within the genus Agonimia based on phenetic and molecular evidence; 2) investigation of its phylogenetic placement within Verrucariales based on analysis of newly sequenced members of the genus, focusing mainly on its relationship to the morphologically most similar A. allobata.
Materials and Methods

Taxon sampling
Newly generated mtSSU rDNA and nuclear ITS rDNA sequences of Agonimia spp., including six and five sequences, respectively, from A. flabelliformis, and an ITS rDNA sequence from Verrucaria viridigrana, as well as sequences of many representatives of Verrucariales obtained from GenBank, were used for the analysis. Detailed descriptions of the newly sequenced materials with their GenBank accession numbers are presented in Table 1 , and GenBank accession numbers of sequences downloaded from GenBank are given in Figures 1 & 2 after the species names.
DNA extraction, PCR amplification and DNA sequencing
Fragments of perithecia were used for total genomic DNA extraction using a modified CTAB method according to Guzow-Krzemińska & Węgrzyn (2000) . DNA was resuspended in sterile distilled water. PCR amplifications were performed using Mastercycler (Eppendorf). PCR reactions of 50 l volume were prepared using 5 l of 10 × Taq polymerase reaction buffer, 4 l of MgCl 2 , 1 unit of Taq polymerase (Fermentas), 0·2 mM of each of the four dNTP's, 0·5 M of each primer and 10-50 ng of DNA.
Fragments of mitochondrial SSU rDNA were amplified with mrSSU1 and mrSSU3R primers (Zoller et al. 1999 ) and the following conditions were used for PCR: initial denaturation at 95°C for 5 min followed by 6 cycles at 95°C for 1 min, 62°C for 1 min and 72°C for 1 min 45 s, and then 30 cycles with the modified annealing step at 56°C for 1 min; followed by a final elongation step at 72°C for 10 min. ITS1, 5.8S and ITS2 regions were amplified with ITS1F (Gardes & Bruns 1993 ) and ITS4 primers (White et al. 1990 ). The following conditions were used for PCR: initial denaturation at 95°C for 5 min followed by 35 cycles at 95°C for 40 s, 54°C for 45 s and 72°C for 1 min; followed by a final elongation step at 72°C for 10 min. PCR products were resolved on agarose gels in order to determine DNA fragment lengths. Then the residual oligonucleotides and dNTP's were eliminated from the 20 l of PCR products using 10 units of Exonuclease I (Fermentas) and 2 units of Shrimp Alkaline Phosphatase (Fermentas), starting with the incubation at 37°C for 35 min and followed by enzyme inactivation at 80°C for 20 min. DNA sequencing was performed using Macrogen (Korea) service (www.macrogen.com). For sequencing the same primers as for DNA amplification were employed. The newly determined sequences (Table 1) were compared to the sequences available in GenBank using a BLAST search (Altschul et al. 1990 ) in order to confirm their identity.
Sequence alignment and phylogenetic analysis
The new sequences were aligned with sequences of selected representatives of the genus Agonimia and other taxa from Verrucariales obtained from GenBank, using ClustalX software (Thompson et al. 1997 ) (with the following parameters: gap opening = 15; gap extension = 6·66). Then the pre-alignment was manually optimized using Seaview software (Galtier et al. 1996) . Portions of the alignment with ambiguous positions that might not have been homologous were eliminated from the dataset.
The phylogenetic analyses were performed using PAUP* 4.0b10 (Swofford 2001) with maximum parsimony (MP) method as optimality criterion. Heuristic searches were performed with 1000 random sequence additions and TBR branch swapping was used. Gaps were treated as fifth state. The support for the branches was tested with bootstrap method with 1000 replicates.
Maximum likelihood (ML) analyses were performed with the fast likelihood software PhyML 3.0 (Guindon & Gascuel 2003; Guindon et al. 2005) , starting with a BioNJ tree. The optimal model of evolution was based on Hierarchical Likelihood Ratio Tests and Akaike Information Criterion in Modeltest 3.8 (Posada 2006) . The parameters for the search were estimated from the data assuming GTR model for mtSSU rDNA dataset and TN93 for ITS rDNA region in PHYML 3.0 (Guindon & Gascuel 2003; Guindon et al. 2005) . Using the same program, non parametric bootstrap analyses were performed with 100 bootstrap replicates. The phylogenetic tree was drawn using TreeView (Page 1996) . Bootstrap supports above or equal 70% were indicated near the branches. Only clades that received bootstrap support above 90% in both analyses (MP and PhyML) were considered as strongly supported and are indicated in bold.
Morphology and chemistry
Specimens were examined with light microscopes. Hand-cut perithecial and thallus sections were mounted in water and 5% KOH. Iodine was used for the hamathecial reactions, and KOH for excipular pigment reactions. TLC using solvent C was employed according to standard methods (Orange et al. 2001) .
Results
Thirteen new mtSSU rDNA sequences and fourteen ITS rDNA sequences of Agonimia spp. (Table 1) were generated, among them six and five, respectively, of the newly described A. flabelliformis, as well as two of A. vouauxii that had not previously been sequenced. Additionally, four new mtSSU rDNA and five ITS rDNA sequences of A. allobata were generated. Moreover, we also obtained sequences from A. repleta and Verrucaria viridigrana.
The newly sequenced mtSSU rDNA genes (Table 1) were aligned with 33 sequences obtained from GenBank (for list of taxa and their accession numbers see Fig. 1 ). In total, 46 mtSSU rDNA sequences were analyzed. After exclusion of ambiguous regions, the final alignment consisted of 555 sites, of which 236 were found to be variable. Among them, 143 characters were parsimonyinformative.
A parsimony analysis using PAUP software (Swofford 2001 ) resulted in eight equally parsimonious trees (tree length = 686 steps, CI = 0·493, RI = 0·599). The maximum parsimony tree ( Fig. 1) is provided because the topologies of the MP and PhyML did not show any supported conflict.
Based on analysis of the mtSSU rDNA, Agonimia spp. form a single clade within Verrucariaceae, which is, however, not well supported (Fig. 1) 
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Psoroglaena biatorella GU121615 Psoroglaena abscondita GU121614 F. 1. One of the most parsimonious trees based on analysis of mtSSU rDNA data generated in this study. Bootstrap support R70 for MP (first value) and PhyML (second value) methods is indicated above branches. Branches with both bootstrap supports R90 are in bold. Names of newly sequenced Agonimia species are in bold and followed with their herbarium collection numbers. Names of the other species are followed with their GenBank accession numbers. Pyrenula nitida was used as an outgroup. Agonimia flabelliformis clade is in the grey box. Clades with Agonimia species are marked as A, B, C and D on the right side of the tree. generated (tree length = 275 steps, CI = 0·645, RI = 0·772) using PAUP software (Swofford 2001) . The maximum parsimony tree is provided (Fig. 2) because we did not find any supported conflict between MP and PhyML trees. Within the Agonimia tree based on analysis of ITS region (Fig. 2) , only three clades have very high support in both methods. Agonimia flabelliformis forms a monophyletic clade with bootstrap support of 100 in both analyses. This clade is closely related to three of the specimens of A. allobata, forming a single highly supported (100 in both analyses) subclade. Two other specimens of A. allobata form a separate clade, not related to other specimens of the species. Newly sequenced A. vouauxii is closely related to A. repleta with support of 78 (MP) and 99 (PhyML).
Discussion
The genus Agonimia is placed within Verrucariaceae (Fig. 1) . In a previous multilocus
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Placopyrenium formosum F. 2. One of the most parsimonious trees generated by phylogenetic analysis of ITS1 and ITS2 regions and 5.8S gene. Bootstrap support R70 for MP (first value) and PhyML (second value) methods is indicated above branches. Branches with both bootstrap supports R90 are in bold. Names of the newly sequenced species are followed with their herbarium collection numbers. Placopyrenium formosum (FJ479632) was used as an outgroup. Agonimia flabelliformis clade is in the grey box. study, Muggia et al. (2010) showed that Agonimia forms two well-supported clades. Our analyses of mtSSU rDNA data suggest that the species of this genus are closely related, but the monophyly of the group is poorly supported. Norrlinia peltigericola, which is non-lichenized and lichenicolous, was found to be closely related to Agonimia spp. as shown previously by Muggia et al. (2010) . It forms a highly-supported clade with Agonimia tristicula, A. allobata and A. koreana. The closest relative to Norrlinia is an unidentified Agonimia sp. whose identity should be verified. Muggia et al. (2010) also showed that A. repleta is separated from other Agonimia spp. However, in both trees we generated (Figs 1  & 2) , A. repleta was found to be closely related to the newly sequenced A. vouauxii. Moreover, it seems to be also related to A. allobata (specimens 6374 and 7335) based on the mtSSU rDNA dataset (Fig. 1) . However, the analysis of ITS rDNA region does not confirm this relationship (Fig. 2) .
Our study, based on both mtSSU rDNA and ITS rDNA region, showed that specimens named Agonimia flabelliformis collected in different European countries (i.e. Czech Republic, Germany and Great Britain) form a highly-supported monophyletic group (Figs 1 & 2) and we found that the species is molecularly well-defined. In the mtSSU all six specimens were identical, except for a single substitution in the British specimen. More variation was found in the ITS rDNA region as we determined five genotypes within A. flabelliformis. However, in total they differed in six positions only. The species is well characterized by its morphology (for species description see Taxonomy) and the molecular data presented here strongly supports its distinction (Figs 1 & 2) . Despite insufficient bootstrap support for the monophyly of Agonimia, we are convinced that the new species should be described within this genus.
The ITS analysis (Fig. 2) confirmed that A. allobata, which is morphologically the most similar taxon to A. flabelliformis, is the closest relative of the species. However, A. allobata appeared to be heterogeneous; specimens were distributed between three different clades in the mtSSU rDNA tree (in Fig. 1 clades A, B and D) and two clades in the ITS phylogenetic tree (Fig. 2) . In the mitochondrial tree one of these clades (clade B) comprises one specimen of A. allobata (GU121589) together with the lichenicolous fungus Norrlinia peltigericola and other Agonimia species. Sequences of both markers could not be obtained from all specimens of A. allobata, but A. allobata 6374 and 7335 grouped together in both the mtSSU and ITS trees, and in both trees A. allobata 7612 appeared in a different clade to these two. In contrast to the genetic similarity of A. flabelliformis, specimens of A. allobata were found to be more variable. We identified three genotypes of mtSSU rDNA, of which two were unique and differed from each other in two substitutions, whereas the third was considerably distinct and was identified in two different specimens of A. allobata collected in the Czech Republic (specimen no. 7335) and Hungary (specimen no. 6374). In our opinion, the genetic diversity of A. allobata should receive more attention in further studies. There are no visible phenetic differences between any of the samples of A. allobata used for this study, but the molecular results presented here show that the issue of monophyly of this taxon needs more detailed investigation; this should include anatomical, morphological, ecological and multilocus molecular data from more widely distributed samples recognized under this name. Probably it is composed of several cryptic species. It was not, however, the focus of this study and so we decided not to resolve the problem here.
In contrast to the multilocus analyses of Muggia et al. (2009 Muggia et al. ( , 2010 , our studies suggest that Agonimia could be monophyletic. However, the resolution of the mtSSU rDNA tree that was generated in this study is relatively poor and further studies strictly focused on the phylogeny of Agonimia are needed to resolve this problem. Moreover, Verrucaria viridigrana was also found to be closely related to Agonimia spp. and more data should be provided to determine its position within Verrucariaceae. Additionally, we found that A. repleta is closely related to A. vouauxii, although it is the most similar species morphologically to A. tristicula. Furthermore, considering the results which show Norrlinia peltigericola (GenBank accession number AY300896) nested within Agonimia, a taxonomic revision of the specimen on which this sequence was based seems to be necessary, and more data from Norrlinia spp. are needed to resolve their phylogenetic placement within Verrucariaceae. Pycnidia not seen.
Taxonomy
Chemistry. No substances detected by TLC.
Etymology. Flabelliform: referring to the sometimes flabellate (fan-like) arrangement of the thallus branches.
Remarks. The new Agonimia mostly resembles A. allobata, from which it differs only in the presence of flabelliform aggregations of goniocysts. Verrucaria viridigrana Breuss forms a very similar thallus and requires similar ecological conditions (Breuss 1998 ), but it is distinguished by smaller and simpler ascospores. Agonimia repleta possesses black, smaller, pyriform perithecia with a neck that is roughened by vertical channels, and a thallus which is granular-verrucose or possesses minute flattened squamules, in contrast to the brown-blackish, distinctly globose ascocarps and palmate to coralloid, and protruding thallus of A. flabelliformis. Agonimia
